Effects of 2, 3, 5-triiodobenzoic acid (TIBA) with gibberellic acid (GA 3 ) and root excision on growth and flowering of non pre-cooled tulip bulbs were investigated. GA 3 partly replaced the cold requirement of the bulbs, and when TIBA was applied with GA 3 , growth and flowering were promoted even more. The later the treatment with GA 3 or GA 3 +TIBA, the earlier the flowering and longer the flower stalk. Excision of roots was more effective for early flowering and flower stalk elongation of the GA 3 +TIBA treated bulbs when planted later (after November), probably due to better absorption of GA 3 from the cut surface at the basal plate. Naphthylphthalamic acid (NPA), another auxin transport inhibitor, with GA 3 showed similar effects to those of TIBA. The endogenous content of indole-3-acetic acid (IAA) in the basal plate and lower internodes was higher with GA 3 +TIBA treatment than with GA 3 treatment alone, indicating that TIBA blocked the auxin transport at the basal plate and increased auxin content in the stems, thereby promoting early flowering and internode elongation.
INTRODUCTION
Following flower initiation at moderate temperature, a period of 12-16 weeks of low temperature is required for rapid floral stalk elongation and flowering in tulip (De Hertogh, 1974) . It has been shown that the amount of free gibberellins increases during the cold treatment (Aung and De Hertogh, 1967, 1968; Aung et al., 1971; Aung and Rees, 1974; Van Bragt and Zijlstra, 1971; Hanks and Rees, 1980) . Recently, however, Rebers et al. (1995) suggested that there was no direct correlation between cold-stimulated elongation of internodes and a change in the endogenous gibberellin status in sprouts or basal plates of tulip bulbs during cold storage.
Gibberellin application cannot completely substitute for the required cold treatment of uncooled tulip bulbs but do for partly cooled bulbs (van Bragt and Zijlstra, 1971; Hanks, 1982) . However, Saniewski et al. (1999) found that exogenously applied gibberellic acid (GA 3 ) induced shoot growth and flowering of non pre-cooled bulbs when the roots were removed, although the stem was not long enough in comparison with that of fully cooled bulbs. This still suggests an important role of gibberellins in tulip growth.
The leaves and gynoecium of tulips are the source of auxins that control the elongation growth of the stem (Op den Kelder et al., 1971; Hanks and Rees, 1977; Saniewski and De Munk, 1981) . It has been suggested that the elongation of all the internodes in pre-cooled tulips is controlled by the interaction of endogenous auxins and gibberellins (Okubo and Uemoto, 1985; Saniewski, 1989) . Auxin was also promotive on stem elongation of non pre-cooled tulip bulbs (Saniewski and Okubo, 1997) .
The uses of inhibitors of basipetal auxin transport such as 2,3,5-triiodobenzoic acid (TIBA) and naphthylphthalamic acid (NPA) have proved the crucial role of auxin in tulip stem growth (Thomson et al., 1973; Katekar and Giessler, 1980; Saniewski and Okubo, 1998a, b) . If TIBA, applied at around the junction of basal plate (= compacted stem, no 208 elongation occurs) and the first internode, inhibits basipetal auxin transport, auxin may be effectively utilized in internode elongation in the presence of gibberellin. Derooting may let the bulbs absorb gibberellin more effectively.
Most of the previous studies were limited to the comparisons in cooled and non-cooled bulbs. In this study, however, we had another approach. We gave various treatments only to non pre-cooled bulbs to induce growth and flowering to clarify the role of gibberellin and auxin in the growth process. In this context, effects of gibberellin together with TIBA on growth and flowering in non pre-cooled tulip bulbs with or without roots were investigated in this study.
MATERIALS AND METHODS

Plant Materials
Tulip bulbs (Tulipa gesneriana L. cv. Oxford), a harvest of Niigata Prefecture, Japan in 2001, with the circumference of 12 cm, were used. Upon arrival on 30 August 2001, they were disinfected with 1.0% Benlate (Du Pont) for 1 h and stored at 20°C until the beginning of each experiment. The tunics were removed and 15 bulbs were used in each treatment.
Effects of GA 3 , GA 3 +TIBA, Root Excision and the Treatment Dates on Growth and Flowering
The bulbs were put on petri dishes with distilled water (control), 200 mg l -1 GA 3 solution or 200 mg l -1 GA 3 solution after lanolin paste containing 0.5% TIBA was smeared around the base of outer scale near the rim of root primordia of the bulbs with or without excision of the root primordia.
They were grown on 6 September, 6 November, 6 December and 6 January at 15°C in the phytotron (natural daylength) of The Biotron Institute, Kyushu University and transferred to 20°C in the phytotron on the first day of the next month (1 st of October, December, January and February, respectively). Water and GA 3 solution were renewed every two or three days. Roots that emerged after planting from the derooted bulbs were excised. The flowering date was determined when the petals were fully colored, and three days later, length of internodes was measured.
Effects of Excision Methods of Roots on Growth and Flowering
Root primordia of the non pre-cooled bulbs was excised by 100, 50 or 0% before planting or 50% of the elongated roots were horizontally cut one week after planting. All the bulbs received TIBA before planting. They were planted on 18 January and grown on GA 3 solution or water at 15°C.
Effects of NPA with GA 3 on Growth and Flowering
The non pre-cooled bulbs were treated with lanolin paste containing 0.5% NPA or TIBA after the excision of root primordia. They were planted on 8 January and grown at 15°C on water or GA 3 solution.
Effects of GA 3 +TIBA on Endogenous Auxin Content
When the shoot lengths of the plants treated with GA 3 +TIBA and GA 3 were about 7 cm, on 22 and 27 January respectively, and when they were 13 and 10 cm, respectively (on 27 January and 1 February, just before anthesis), the plants were harvested and divided into four internodes, scales and basal plates. They were freeze-dried and kept at -20°C.
The freeze-dried powder (2 g of fresh weight equivalent) was homogenized and extracted with 80% methanol containing 200 mg l -1 BHT (butylated hydroxytoluene) at 5°C in the dark with constant shaking on a gyratory shaker for 24 h. The supernatant was centrifuged at 10,000 rpm for 10 minutes at 5°C, then the residue was re-extracted with 80% methanol and centrifuged two times. The combined and filtered supernatant was evaporated in vacuo at 37-40°C to eliminate methanol. The remaining aqueous solution was adjusted to pH 3.0 with 1N HCl and extracted three times with ethyl acetate. The ethyl acetate fraction was extracted three times with 2% NaHCO 3 , and the aqueous phase was acidified at pH 3.0 with 6N HCl. It was extracted three times with ethyl acetate. The ethyl acetate fraction was concentrated at 37-40°C, and the concentrated extract was dissolved with 5% methanol. The methanol solution was passed through Sep Pak C18 columns and eluted with 80% methanol. The methanol eluate was evaporated to dryness and kept at -20°C. IAA content was determined using Phytodetek IAA Enzyme Immunoassay Test Kit according to the instruction of the manufacturer.
RESULTS AND DISCUSSION
Effects of GA 3 , GA 3 +TIBA, Root Excision and the Treatment Dates on Growth and Flowering Flowering was observed when the bulbs were treated with GA 3 or GA 3 +TIBA no matter when the bulbs were planted ( Table 1 ). The later the treatments with GA 3 or GA 3 +TIBA were, the earlier the flowering was and longer the flower stalk was (Table 1 and 2). When the bulbs were planted in January, flowering of the bulbs kept on water was also observed. These results suggest some endogenous metabolic changes but not depending on low temperature, proceed in the bulbs during storage at 20°C. Or it may be the same phenomenon promoted by low temperature but proceeded slowly at higher temperature. It may or not be the same mechanism as reported by Rietveld et al. (2000) that developmental change in tulip bulbs during cold treatment is an increase in sensitivity to auxin. It may also be considerable that the responsiveness to gibberellin occurs as suggested in stock (Matthiola incana) (Hisamatsu and Koshioka, 2000) .
The application of GA 3 +TIBA induced higher flowering rates and earlier flowering than the application of only GA 3 when the bulbs were planted in November and later, and TIBA induced the elongation of the internodes, particularly of the lower internodes (Table  1 and 2). The excision of the root primordia resulted in higher flowering rates, shortened the number of days to flowering and increased the length of internodes except for the bulbs of September planting, whose flowering rate was decreased with the excision of root primordia.
Effects of Excision Methods of Roots on Growth and Flowering
Because the bulbs were planted late (January), flowering was about 50% in water, whereas GA 3 +TIBA induced 100% flowering and reduced the days to flower (Table 3) . Among the GA 3 +TIBA treatments, 100 and 50% excision of the root primordia resulted in earlier flowering and longer flower stalks. The bulbs of which the elongated roots were horizontally cut by 50% one week after planting took a similar number of days to flower and resulted in shorter flower stalks compared to those of 0% excision of root primordia treatment. When the bulbs were kept in water, no effect induced by the excision of root primordia was observed. Similar results have been obtained in non pre-cooled 'Apeldoorn' bulbs treated with gibberellin (Saniewski et al., 1999) .
Roots are one of the probable abscisic acid (ABA) biosynthetic sites in tulip (Aung and De Hertogh, 1979), and it is possible that roots contain other inhibitors. These results, however, indicate that the promoting effects on early flowering and longer flower stalks induced by excising root primordia are due to the better absorption of gibberellin from the cut surface, but not due to the removal of some growth inhibiting substances such as ABA in the roots by cutting.
Effects of NPA with GA 3 on Growth and Flowering
NPA applied with GA 3 showed a similar stimulatory effect on growth and flowering to that of TIBA; both of them resulted in early flowering and internode elongation (Table 4 ). Since the role of both TIBA and NPA is to inhibit auxin transport, these results can support our hypothesis that TIBA blocks IAA transport from upper organs at the basal plate and increases IAA content in the lower internodes and basal plate, thereby promoting early flowering and internode elongation, particularly lower internodes.
Effects of GA 3 +TIBA on Endogenous Auxin Content
The endogenous auxin content was greater in the basal plate and first internode of the plants treated with GA 3 +TIBA than in those treated with only GA 3 in both growth stages (Fig. 1) . TIBA caused an accumulation of endogenous IAA and internode elongation above the site of application in Pisum sativum (McKay et al., 1994) . Application of TIBA to ovary or peduncle increased the growth and endogenous IAA content in the ovary of cucumber (Kim et al., 1992) . In tulip, the maximum radioactivity of IAA-1-14 C basipetally transported from the application site, when applied in the middle of the second internode, and distributed in the basal plate within the bulbs was 78% (Saniewski et al., 1979) . The TIBA treatment in the present study might have diffused mainly into the basal plate and caused the prevention of auxin transport into the basal plate, and instead, the auxin might have been utilized effectively above the basal plate for internode elongation. And the auxin, its synthesis or activity might be promoted by GA 3 absorbed from the bottom. It seems that TIBA did not interfere the movement of gibberellin. Pea internodes treated with TIBA appeared to be still in the phase where GA 1 affects elongation (Ross, 1998) . Interaction of gibberellin and auxin in internode elongation in tulip has already been proposed (Okubo and Uemoto, 1985; Saniewski, 1989) .
Comparison of the results with GA 3 +TIBA and GA 3 makes it possible to consider the role of TIBA. Ratios of the length of the lower internodes, particularly of the 2 nd and 3 rd internodes, were larger with GA 3 +TIBA than with GA 3 alone both in rooted and derooted bulbs ( Table 2 ). The top internode ratios decreased in accordance with the increase in the ratio of the lower internodes. Promotive effects on the elongation of the 2 nd and 3 rd internodes by the basal treatment with TIBA may also suggest a blockage of auxin transport by TIBA and effective utilization of auxin for the elongation in lower internodes.
It is concluded that gibberellin given to derooted and non pre-cooled bulbs is absorbed and moved to internodes or further to flower buds to promote endogenous auxin synthesis or transport. TIBA blocks auxin transport from the stem to basal plate, and the auxin may be effectively utilized for internode elongation. Our achievement is the simulation of normal growth in tulip bulbs that did not receive low temperature indicating the important role of gibberellin and auxin in the bulbs during storage in relation to low temperature. 
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